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ClIAKLES HeRMAKY, C. E., IN IJIE ChAIR, 

Owing to the increasing scarcity of ship timber, and the eonsequent 
greater cost of wooden vessels, attention has been more and more 
turned to the substitution of iron for wood in the structure of hullB for 
vessels of all descriptions, with steam and sail, for ocean traffic or river 
aerviee. Abroad, in England especially, iron has almost entirely super- 
seded wood for this purpose, and in this country at the present time out 
of twenty-one ocean-going steamers in process of construction bnt four 
are being built of wood. The greater durability, the lesser weight, the 
small cost for annua] repairs of iron hulls, when compared with wooden 
hnUs, has, even on this side of the Atlantic ocean, overcome the slight 
increase of their first cost, and the wooden ocean steamer is almost a reho 
of the past. On the lakes the increase in the number of ii'on vessels 
built each year for the past ten yeai's, sliows that even in that section of 
the country where wood should still be cheap, the iron hull is rapidly 
winning its way to public favor. The use of iron hulls for Western river 
boats has excited considerable diacuaaion during the past few years, and 
it is tor the purpose of presenting the advantages of the iron hull in 
more of a professional form than heretofore, that this article has been 
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proparerl. To iutroJuce the siibjeet in suck a raaniacj: as to fairly com- 
pare the two methods of construction, it is proposed to give a liistory o£ 
the USB and JiapoBition ol the mttenul m iron LiiU tor b^ht didURlit 
piirp se^ up to the latest e\amplei x'ifcli''hecl to •ih.ov. thet'Wious de 
yiteaishieh hive been OHol to olitim the grext strength with lightness 
ue(.es'«kry for veisela ol this class and to present a plan whiih based 
ni on past espenenei* sliiU be especiaUy alapttd t> the requirements 
f steam vessels dL^inTied fir ser\iee upjn tlie shallow niters of oui 

Tlie liist iron canal boat ot whieh anyreeord has been preserved 
(Grantham's " Iron Ship Building ") was built in 1787 ; she was 70 feet 
long, 6 feet 8^ inches beam and weighed 8 tons. Some of these early 
vessels wore broken np after 40 years' service ; the first iron steamship, 
the "Aaron Manby," built in 1822, was the first also which went to sea. 
She was designed for the navigation of the Seine, and canied a cargo 
direct from London to Paris. Iron river vessels were early built for the 
Thames, and were soon after introduced in India, upon the river Ganges. 
On the latter river they were, until 18i4, small boats used mainly as 
tugs, and belonged to the government of India. At that time the 
Gauges Steam Navigation Company was formed, and from designs pre- 
pared by A. Bobinson (" Steam on the Ganges ") there were five vessels 
l)uilt. They were first pnt together in England, then taken apart, shipped 
to Calcutta and there re-erected and riveted up. A short descriptiou 
taken from Eobiuson's work will give an idea of the progress of iron 
river constructions up to that time. 

The first ot these boats, called the " Patna," wiia launched in 1846. 
She was intended to carry both passengers and freight, and in model and 
plan of deck and saloons, was quite similar to the Mississippi steam.ers. 
Her dimensions were : 

Ijength on load water-Hne 195 feet. 

Beam over hull 28 

Beam over paddles 46-r; '" 

Depth of iron hull 7,", ■• 

Bottom, of hull neiu'ly flat. 

Displacement at 2 feet draft 20.) tons. 



Tlicpetiuliavitiesof construction were as follows : " There i« no exter- 
nal keel ; it is replaced by an internal one or Itcnlson, formed of abght, hoi- 



low iron beam, 2 feet deep aTid 9 inclies wide, which is riveted to the inner 
frdjnes of the bottom, of the floor. Between tliia keelson and tlie iron 
deok beams, and riYcted at their npper and lower sides to both, are light, 
stiff stanchions of iron, which have the effet-t of both trusses and ties ; 
binding the floor and dect together. The sides of the vessel are vertical, 
and the ik-on frames which nin np to form them, finish at the gunwale in 
a strong cornice, fonned of angle iron and a narrow plate. The heads of 
tlie frames, the upper edge of the top sti'ake of plate, and tlie ends of 
iron deck beanLs, are Uius all riveted together. Tlie powerful connection 
by Uiis mejins formed between the bottom and floor and the midship 
trussing, constitute the entire hull into one large, hollow benm. The 
sides tliemselves are for a third of the vessel's length amidships strength- 
ened by diagonal ties, crossing the ribs or frames at an angle of 45 
degrees, and riveted to each rib. AU the iron in the frame, flooring and 
shell is of light scantling, but of a quality and make giving the greatest 
tenacity and strength." "The paddle-boxes are buiit upon the sides of 
two light, hollow beams, which cross the vessel under the deck, and pro- 
ject beyond the sides for the purpose ; the paddle boxes are framed of 
angle iron. The entire weight of the vessel, with paddle-boxes, but 
exclusive of macliinery, cabins and stores, is 142 tons The weight of 
engines, boilers, propelling machinery ^nd engine beareis is 106 tons , 
Ciibins and upper deck 12 tons , ■water m bjilen, (,oal, stores, i.c , 4b 
tons ; making a total weight, with tteam up, of 306 tons, on a hght 
draught of 2 feet 10 inches. The spi-ed bj log on the trial, v,as IV 
miles pet hour. 

The last two of the five vessels were of greater dimensions, and having 
been built aft«r the trial of the first vessels, may be taken to represent 
the improvements suggested by the running of the previous boats. 
Their general dimensions were : 

Length on load water lino 250 feet. 

Beamonload water-line ^8 " 

Beam over paddles GG " 

Depth amidships 10 '■ 

Weight of ves.sel alone, incinding paddle-boxes and 

deck houses, but without machinery 224 tons. 

Engines, boilers and wheels 13i " 

Light draught, without water in boilers 2i^3 leet. 

' ' The eliief difference between these vessels and the ' Patna ' consists 
ill the deck being convex or curved upw^ird transversely, like the back of 
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a violin, ami in the bra^iing or ti'iissing between tlie deek timl the floor ot 
the vessel being in the form of & diagonal lattice-work instead of vertical 
bats or stanchions, as in the former vessel." "Tlie cnrvatnce of the 
deck was admissible from the absence of cabins and the diagonal fi'aming 
or spine, from the circiimstauce of the engines being non-condensing 
and entirely above deck. " As one of these vessels, the " Mirzapore," is 
considered an excellent example of transverse framing, Imving great 
strength for her weight, she is illiisti-ated by a longitndimd sectiou. 

All vessels up to this time had been constnicted in the same general 
manner as had been previonsly followed in the construction of wooden 
hulls, iron frames being substituted for the wooden ribs, and iron sheatJi- 
iag for the wooden planking. At about this time, however, attention 
was turned to the strength and stiffness of plate-iron structures. Fair- 
bairn took out Ilia patent for a cellolai- beam ; Stephenson projected 
the Britannia Bridge, and to test the sti'ength of rolled beams, riveted 
joints, hollow beams and plate-iron work of similar character, and to de- 
termine the relative strength of such constructions, a veiy thorough series 
of experiments was tried under the direction of Williiun Fairbaii-n. Tire 
deductions from these experiments developed certain foiinulas and Con- 
stanta which may be said to have since governed the profession in tlieir 
calculations upon all structures of wrought-iron. 

J. Scott EuaseD, then engaged in iron ship-building on the Thames, 
seems about this time to have given attention to the question whether in 
following out the same method of structure in the iron as in the wooden 
hull, ship-builders were deriving the best results from tlie material used. 
Calculations proved that the hul^ of even the best vessels, as then con- 
structed, possessed an esce&s of strengtli when considered with reference 
to the pressure tserted bv the water against the sides and bottom, bnt 
■were dehcient m longitudinal strength to resist inptiue when supported 
only at tlie ends oi m the middle , side keelsons and detk stringers were 
used to obtain stiength but neree-^.pen'ii^eto LOnstrntt when intercostal, 
and occupied valuable loom if nin upon the top of the floors. In 
order to obtain this longitudinal stiength to a gieatei degree, witli less 
material, Bussell introduced ■what is known as the ' longitudinal sys- 
tem." In this system, as the name implies, the fiame-(, m place of being 
ribs and running athwartships or transversely, run from bow to sten). 
are kept rigid by bulkheads and intercostal floors or "iwiitial bulk- 
heads," as he terms them. Increased strength at the bow to resist com- 
pression or collapse, in case of collision, and greater stiffnessat the stern. 
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live iilso iiiciilcnlal iidviiiitjigeK of this aystem, yspeci^diy voJiiable for 
river vessels. E. J. Eeed, late ehief constrnctor of the British navy, 
siiya: "It luisbeen ohjeeteil to the longitudinal system of fi-aming, that 
fi greater upaiie of uasiippoi-ted bottom plating is left between the frames 
tlifin is the case in the vertical (tntnsverse) system. But it has been 
stated in reply tliat ia cjuse a vessel with tntnsverse frames strikes on a 
lock, those transverse frames become immediately the most certain 
iigents of desti-uction to the bottom of the ship, while in the longitudinal 
system the weakness existing is precisely what is ^-antert, for it allows 
tlie plates between the longitudinals to ba indented or even torn through 
without the general structure of the ship becoming injuted. " ("Ship- 
building in Iron and Steel," pg. 95.) 

Tlie "Annette" was a vessel especially constructed to show the com- 
parative strength of the two syKtems with equal weights of material. 
Busaell (in his "Ship-building," pg. 371) gave for the " Annette" longi- 
tudm-d svstem an increase in stiffapss against sjif^ing or hogging of 5 
t 4 or a gam of 25 pel cent 

This BYitem it oiHtiiution has been geneiftlly adopted foi' hght 
h-aiytht lesfela in England Rus.sell gives tlie following description 
f one built 1-s him (Enasells Ship-lmilding," pg. 618). "The 
es'Jtl IS about 201) f et long ind only 6 feet deep, or about 33 times as 
long as deep, aad to get strength without weight in such a proportion is 
extremely difficnlt. She was to carry engines capable of driving her at a 
speed of 11 to 13 miles on the Thames on 20 incJies draught. The geu- 
ei-^ aiTangements by which this insult was accomplished are as follows : 
All internal frames wore at once aliandoned, and the whole ship was 
built of liulkheuds longitudinal and transverse, with longitudinal stringers 
between and partial bulkheads ; in short, the whole structure might be 
said to be cellular ; the difficulty was to get suflcieut strength in the 
..■enter of the ship to carry the weight of tlie engines and boilers, amount- 
ing with water and fuel to 150 tons, this difBcidty arising from the ex- 
treme shallowness of the boat. I consequently decided that the walls of 
the cabiu on deck should be added to the effectiuil depth of the ship, 
and I would consider her as n, longitudinal girder, having that depth in 
the center, and construct her accordingly. I Uierefove made 105 feet of 
the middle of her length into a cou|ile of plate girders, 15 feet deep, and 
these form the sides of the cabins, being perforated with doow wherever 
convenient ; townids the two ends, these longitudinal girders are pro- 
longed under the deck 35 feet at each end beyond tlie cabin girder, so 
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that effectively these deep girders give strength to the ship through her 
whole length. " The general dimensions of this vessel were as follows : 

Length on load water-line 198 feet 3 inches. 

Breadth over hiall 38 " 

Breadth across paddle-boxes m " 

Depth at side (; " 

iDraught of water; light 1 "8 " 

Draught of water; laden 2 " 

Indicated horse-power 688 H. P. 

Area midship section 75 sq. feet. 

Area load water-line 6,474 " " 

Ijoad, displacement {9,240 Iba.) 331 tons. 

Displacement between 1 ft. 8 ins. &- 2 ft. 61f ' ' 

Grate surface 72 sq. tent. 

Fire surface 3,300 " " 

Weight of iron in huU 103 tons. 

Weight of engine 40i"i, " 

Weight of boilers :j7i'f, " 

Weight of water in boilers 22 " 

Diameter ot paddle-wheels 14 feet 4 inches, 

Lengtli of buckets 9 " 

Eevolutions of engines per minute, . , 38 

Pressure of steam 25 ll>s. 

Another steamer, intended for towing on the Rhine, also built by 
EusseQ, of about the aame length, but having only 25 feet beam, con- 
structed upon the longitudinal plan, had a load draught of 3 feet. She 
was 9 feet depth of hold, and her longitudinal floors, except under en- 
gines, were 16 inches deep only. The engines, boilers and water weighed 
128 tons, her displacement at a load draught of 3 feet was 294 tons ; con- 
sequently the weight of hull complete, with the coal and tlie small piirgo 
she may have carried, could not have exceeded 166 tons. 

The information I have been able to obtain in regai'd fo American 
practice is me^re ; so far as ascertained, the boats have been built ex- 
clusively on tlie transversa system, although longitudinal buUtheada and 
stiffening frames have t>een nsed. Hiiswel! (pg. 650] gives tho following 
particulars of a stem-wheel steamer : 

Length on deck 110 feet. 

Beam over hull 14 " 

Beam over giiai'ds 22 " 

Holies .y Google 
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Depth o£ hold 3 fe'^t *> i"'^'^^-^- 

Load draught 

Two cylinders, diameter each 

Stroke of pistuns 

Revolutions per naiimte 33 

Plating of hull, keel No. 3 ; bilge No. 4 ; bottom No. 5 ; aides Nos, 
and 7 ; frames 21X2 IXi inches, spaced 29 inches ; displacement 33 tons 
at load draught of 1 h feet. Messrs. Hailan, HoUingsworth & Co. , have 
constructed several light draught iron vessels, one a stem-wheel steamer, 
the " Vengochea," built in 1864, of dimensions as foUows : 

Length between perpendiculars 155 feet. 

Beam over hull 26 " 

Depth of hold '> " *> inches. 

Two cylinders, diameter each 'H inches. 

Stroke of pistons 6 feet. 

Mean launching draught, with boilers 

^ 175 inches. 

The Delaware Iron Ship-building Works constructed in 18B9 a light- 
draught steamer caUed the "Novelty," dimensions as foUows : 

Lengthofdeck 216 feet. 

Beam over hull 24 

Depth of hold -^ " <> i"<^hcs. 

Mean drar^ht, with machinery, boilers, 

water and fuel 2 "1 inch. 

-The vessels above described will fairly show the present method of 
constmetion adopted for river steamers where iron is used. To, however, 
compare the iron hull with the wooden one, I have taken a wooden 
vessel of recent ooi^tmction, combining in its structure and model the 
latest improvements which experience has shown to be best for the 
Western rivers ; and preserving the same lines and contour, and havn 
replaced the wooden bail with one of iron. 

Before entering into the eomparbon, I wiU enumei-ate tlie primary 
requirements for a hght draught vessel. First-The skin or sheatliing 
must be of as light a material as will withstand the pressure of the water, 
with the abiUty to resist the shocks caused by grounding or collision with 
snags. Second— The frame for stiffening the sheathing and presei-ving 
its form must be so disposeii as to provide the greatest amount of longi- 
tudinal strength ^vith tlie weight of material used. Third-Tlie bow and 
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liilges must be designtnT. with eapecial refereuce to the gi'oundiug of the 
vessel, and the duagei's of river navigation due to obstructions. 

To meet the first requirements, the strength necessaiy to resist wliat 
may be tui-med the ptmching of the bottom, only, will be calculated upon, 
as the pressure of the water is so alight at the drought sought, that it need 
not be taken into consideration. To test the relative strength of wood 
and iron for the skin of a vessel, William Faiibaii-n, in 1838, tiied 
the following experiments (Fairbaim's "Iron Ship Building," pg. 79): 
' ' A plate was fastened upon a frame of cast-iron 1 foot square inside, and 
1 foot 6 inches outside. The sides of tlie plate when hot were twisted 
around the frame and firmly bolted to it. The contraction by cooling 
caused it to be very tight, and the force to burst it was applied in the 
center. This was done in order that the force might in some degree re- 
semble that from a stone or other body, with a blunt end pressing i^ainst 
the side or bottom of a vessel ; a bolt of iron terminating in a hemisphere 
3 inches in diameter, bad thus its rounded eud pressed perpendicu- 
larly to the plate in the middle." Fom- experiments were tried with the 
best Staffordshire iron, two with plates ^-ineh thick, and two with plates 
■]■ inch thick. The results were the plates J-inch thick were burst witli a 
mean force of 16,779 pounds ; and the ^-inch plates with a mean foit* 
of 37,723 pounds. Fairbaim observes "here the strengths ate as the 
depths (nearly), requuing double the weight to produce fracture of a 
l-inch plate, as had previously burst the J-inch plate." The nextesperi- 
mentB were made upon good English oak, of different thicknesses and of 
the same width as the iron plates ; the specimens were laid upon solid 
.jjlanks 12 inches asunder, and by the same apparatus the rounded end of 
the S-inch pin was forced tlu'Ough them as follows : 

" Mean strength from planks 3 inches tliick, 17,933 llis. 

" Mean strength from planks 1-1 inches thick, 4,406 lbs. 

"Here the strength to resist cmshing follows the ratio of the sipiares 
of the deptlis, as is found to be the case in the trjiusverse fractiire of 
reetflngular bodies of constant breadth ami span." 

I wish here to tike exception to the general deductions wliich 
Fairbaim has dran n from these experiments. The iron tried, from its 
tliiuness, possessed no strength vrhcn consiilered as a beam ; it was 
ah'eady strained to an imknown extent from its contraction in cooling. 
And at best, it wv. onh a test of the tensale strength of the material, 
when ruptured nnlei unfj voiable cu innt^nces. Had. the distance l>e- 
twcen the siip])ovt 1 i n it i peiniittit , the ii'on to stretch anil bend 
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to 11 greater estsiit, the reanlts dlitaiueil] would liavt' lieou gi'eat-er. The 
strain being tensile, with similar qualityof inateiial, thelmrstiugivoiild 
of coiirse vary directly in aeeordnmie with tho thidtness. If, on the other 
hand, tlie iron had been BuJfieiently stiff from in(Teaseil thii'kness, or by 
leason of tlie supports being elosei' together, so that it could have rested 
on the supports uasecnred, as Tvas the ease ivith the oiik, then I believe 
the resistance to bursting would have been as the squiu-es of the depths. 
In experiments on tlie penetration of shot through armor plates, the re- 
sistance Lae been found to follow this general Liw, ivhich tends to 
coiToborate the view I have taken. 

By this experiment it is shown where the distiwiee between the siip- 
porte is the same, one quarter ineh iivin plating i« equivalent to .S-ineh 
oak planting. If the frames in tlie iron hull are farther apart, and tlie 
iron not previously strained, the iron will, as I have s-tiit«d, probably 
stand a mnch greater relative strain than tlie esperiments showed. 

In the ves.sel taken for comparison, the planking is of 3.1-inch oak, the 
HH.supported distsince between the frames being 8 to !) inches ; consid- 
ering the decay of the oak, its wnter-soake<1 condition and the narrow 
planks of which its sheatliing is comitosed, I Imve upon the above bafdn 
estimated tliat pln,te-irott <if good quality, J-iiic!i thick, wiH resist as great 
ii punciiing force as 3i-inch oak planking. In regard to the weight; tlie 
oak, when water soaked, sis it becomes soon after the vessel is launched, 
will weigh about o Ibn. a six'ini'e foot for each inch in tHckness, or 17^ 
lbs. for the 3.\-i»ch planking ; while iron of 5-inch in thickness weighs 
Tuit 10 lbs. per square foot, and never iacreiises in weigLt by tLte. To 
obtain the full benefit' of the i-iekling of tlie bottom plating between the 
longitudinal frames —hereafter described — when the bottom atrikes an ob- 
struction, there must be no point from stem to stern between the longi- 
tudinals where the elasticity in desti'oyed by intrease in stif&iess, due to 
the Becurjng of bulkheads or transverse interimstal frames to the skin ; 
Ihut if, no IrfMsriiv. huU-J.eiKh nrfixinex iii'igllip jM-rmitleiJ lo Ik> secured fo, 
III- croi, rfx/ iipoii llii- fl'iii of fhf holUnii, As, liowever, it is necessary that 
tlie longitudinal frsimes ii 1 U 1 tifl 1 1 y t 1 racing 

to keep them up ti) th p p i t n I ti 1 10 feet in 

ihe lengtli of the hull, i] tdlikl 1 higlvuti within about 
'A inches of the skin. Th \hi i in ng this, i ai-tial I uLkhei 1 ■vtends 
;t inches above the top f tl 1 ng t bn 1 fl 1 set It theii- 

topping angle bars by a 1 t n 1 h 1 1 th 1 er the 

floors may be miuV cout iff] t 11 dkhead to 
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the beam sheif, etfectually tying all the longitndinals together, and pre- 
venting theii- buckling when under compressive strain. To the bottom of 
the intercostal plate (3 inches above the skin) to stiffen it, is secured a 
bar of light angle iron, and the ends of the plate ai-e secured to the lon- 
gitudinals, by vertical comer pieces. Near each end of the boat a trans- 
verse water-tight bulkhead is introduced ; the continuity of elasticity is 
preserved by tenninating the plates of this bulkhead at 3 inches from the 
skin, and tightness is obtained by seeming to these plates a strong piet'n 
of slieet i-ubber, or other suitable material, made sufficiently long to per- 
mit it to be caiTted for a short distance along the skin of the vessel, to 
which it is fastened, as well as to the longitudinal iiooi-s, by light ships 
of wood or iron of sufficient sti-ength to resist the pressure of a head of 
water equal to the depth of hold. Suppose, then, a vessel strikes a snaR 
just sufficiently near the bottom of the bilge strake to permit the vessel 
to be forced upon it. It meets iirst the bilge ati-ake, made, as hereafter 
described, sti'ong enough to withstand the shock ; the vessel raises a 
little and passes on ; the light iron of the bottom between the two longi- 
tudinal floors most neaiiy in the line of tlie obstruction, is sprung up- 
wards; the vessel peiiiaps raises a little, the snag itself yields a little, in 
fact everytldng gives a little, until the vessel has passed ovei-, or the re- 
sistance has become too great for her power, and slie stops. Every one is 
aware how difficult it is to punch a hole through metid when it rests 
upon a jdekling substance; put a piece of iron on a soft pine plank, and 
attempt to pimch a hole through it, and you will realize to some extent 
the conditions I have just described. A man will hammer away a long 
time before he can drive his sledge through a large smoke-pipe, while one 
blow would have sufficed to have ruptured similar iron, had it been so 
secured as to have prevented its yieliling under the imiMu^'t. 

In regard to the second consideration : I have assumed the wooden 
hidl to have been so propoi-tioned as to be possessed of auffident 
strength to i-esist all the strains to whicli a boat is usually subjected. 
The estimated area of the oak in the bottom, including stiingers and 
keelsons, is 1,650 squai-e inches, allowing the strength of the oak to be 
as to wrought-irou as 1 to 5, and on account of the butt« being unspliced 
in the oak sheatliing, taking i of the remaining area as effective for 
tensile strength ("ivhich is more favorable for the wood than experi- 
ments have shown— Fairbaim's "Ship Building," page 75), wehavetheu 
for area of equal strength for the iron 1,G50 ~ (5X3) — 110 square inches ; 
there must, hnwcvi^r, he added to tlio agpirfpiatc urofi, on accotint of de- 
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ficiency in strength at the bntts; as the butte ■will be dotible-riveted, 70 
i>er cent, of the total area may be considered as effective, whicli makes 
the total area required tor the iron 110 ~ .70 = 157 square inches, to give 
same strength as the wooden boat had when new. I have, however, for 
additional strength, increased the area alxiut 20 per r«nt. , and in the pro- 
posed design have 190 square inches. The decks are aliie in both cases, 
bnt I have introdnced in the iron hull on each side under the beams a 
shelf or stringer 2i inches wide by i inch thick, and a similar one upon 
the central bulkhead. 

For the purpose of obtaining the greatest longitudinal strength, in 
which river vessels, from their shallowness, are most deficient, the longi- 
tadina] system is used, aa giving the greatest strength with least weight 
In the design under consideration the floors are 9 inches deep, and the 
angle-bar frame is fitted close to the skin without shver pieces, the bar 
being joggled over the butt-straps. These floors run m the center of 
each stiake of bottom plating, the strakes running parallel to the keel 
plate, and dying out on the bilge stroke ; the longitudinal floors ending 
as bottom frames on the bilge keelson. The butts of the plating m bot- 
tom and floors should be planed, and should have double-riveted straps; 
the plates and bars should be had in as long lengtlis as possible, and great 
CMre should be taken in disposing the bntts of plates and bars. The 
dimensions and arrangements of the iron are shown in the accompanying 
"midship section." A central bulkhead of plate-iron has been substi- 
tuted for tlio wooden bulkhead ; it is made water-tight, and securely 
riveted to the keel-plate, to the transverse frames or partiid liulkhcndj!, 
and to the stringer plate under beams. 

In carrying out the third consideration I have made the bilge stnike 
I inch thick, and its curved shape and tlie deep floor or bilge keelson, 
formed at right angles to a tangent of 45 degrees, give it great strength 
to resist any force which may be brought gainst it. At the ends of th« 
boat running to the bulkhead, additional longitudinal stringers are intro- 
duced. The stem and sf«m pieces will be of foi^d iron, 2 by 5 inches 
in section, and should run well back on to the keel-plate, which will b*' 
thickened to -J of an inch at the bow, and the garboard and nest strake 
will be thickened up at the bilge strafce. 

The accompanying plans show the general constn:ctiou of the hull, 
the distribution of the weight of the hull and machinery, and the buoy- 
ancy line on a draught of 4 feet. It will be noticed on one side of the 
"midsliip section "i)iiin, and in dotted lines un the sheer plan, I have 
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iiiti'oduoeJ. ih truss or hog-frame, for the purpose of niakiug the boat 
more rigid. This truse is formed by erecting upon wooden strata a hol- 
low, bottomless girder at Bach height that the hurricane deck will rest, 
upon it. The stmts are additionally secured and tlie ties strengthened by 
placing immediately under the saloon-deck beams two heavy plates of 
iron. The position of these girders and ties is such that it is believed 
they will not interfere with the deck-room or state-rooms. As will ha 
noticed on the plan, the beam-shelf is made lifter when the hog-frame 
is used. The following calculations, based npon Tate's rale, as adopted 
liyFairbaim (see bis "ShipBuilding"), will show the gain in strength by 
the use of this truss. Breaking strain of vessel when supported in the 
middle— 8 in this case being taken at 20 tons for tensile strength per 
square inch; without "hog frames": 

M = ^- I.- = -^-^ X 2,710.34 = 1,505.7. 



w Wl,^ 8M 


1,505.7X8 _ ^^3 
252 


ov 1,070,72011. 


With "hog frames": 






""^ h '^^17,7 - 


./, i2,7i5 = i8,299.44. 




M - ■^^ 1 '.V 8 M _ 


i8,299,«X8 _ ,533,2 


tons, or 3.436,3 



or showing an increase in strength of the trussed hull over the nntrussed 
one of more than 3 to 1. 

The vessel chosen for comparison of weight is the side-wheel steam- 
boat " Potomac," built for the Ohio and Memphis trade at Ciueinuati, 
Ohio, in 1870. She was of the following general dimensions ; 

Length on load water-line 252 feet 6 inches. 

Breadth on load water-line 3I> feet. 

Breadth over wheel 6C feet. 

Depth of hoU feet. 

Thickness of bottom planking, oak 3V ina. 

Thickness of side planking, oak 'A\- and 2i ins. 

Size of floor timbers forward. . . 3 ins. by (i \ ins. ; aft, 3 ins. by 6 ins. 

Size of top timbers, oak 31 ins. by 4 ins. 

Distance between center of frames lOi- ins. to 12 ins. 

Has one longitudinal bulkhead on keelson. 

Deck beams, oak 5 in. by 3^ ina, ; spai^ed 28 ins. bet. centers. 

Deck planks, pine - 2 ins. thick. 

Draught of water with steam up and no oai^n— how, 2 feet li ins. ; 
stern, 2 feet 9 ins, ; mean, 2 feet 71 ins. 
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Displacement, in pounds at 2 feet 7J ills, draught 1,100,000 lt)s_ 

Distance from bow to center o£ wheels 182 feet. 

Distance from bow to center of boilers 105 feet. 

Number of boilers Five. 

Size of boilers 37i ins. diameter, 28 feet long. 

Orate surface 37 square feet. 

Number of steam cylinders Two. 

Diameter of cylinders 24 ins. 

Stroke of pistons .7 feet. 

Diameter of paddle-wheels 32 feet 

Length of paddles 12 feet. 

Pressure of steam allowed Ii8 lbs. pet sq. in. 

Average speed gainst current 10 miles. 

Cost of "Potomac," new 185,000. 

"Usual lite, or limit of service of similar boats 6 to 8 years. 

Intheaccompanyingphms the lines, body plan, sheer plan, etc., apply 
.ciiufllly to both the iron and wooden hnlls ; the same deck, and in fact 
everything above the beam shelf, or upper edge of hull, will be the same 
in both cases. The dimensions of the plates and angle bars of which 
the hull is constructed arc given in the midship section ; the weight of 
the wooden hiill is from actual data. The dimensions of the vessel re- 
remainiug the same, the weight of iron in the iron hull will be as followsi 

Plate-iron and butt straps 229,000 lbs. 

Angle iron 56,200 " 

Eivet heads and points 6,672 " 

Forgings ■ - 1,636 " 

Total weight of iron in liull 293, SOS lbs. 

The weights of the two boats (the machinery and upper works re 
maining the same) will then be ; 

Iron hull 147 tons 270 tons. 

Deck 112 " i: 

Machinery and wheels 93 " '• 

Water in boUeis 20 " '. 

Joiner work 40 " 

Fuel, fittings, etc 25 " 



437 tons 5G0 tons. 

Mean draught wooden boat as above 32 ins. 

Mean draught iron boat as above 26 ins_ 
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